Two field experiments were conducted at El-Gemmaiza Agricultural Research Station farm, middle Delta, region Egypt 30º 43 latitude and 31º 07 longitude during the two successive summer seasons of 2012 and 2013 to study the effect of different rates of nitrogen, biofertilizer and their combinations on yield, yield attributes of maize (cv three way cross 324), N, P and K content and available nutrients in the soil. . Split Split plot design was used with three replicates. The main plots were assigned for three nitrogen fertilization levels (80, 100 and 120 kg N fed -1 ), the sub plots were assigned with three inoculation treatments (without inoculation, inoculation with isolate 120 Kg N fed -1 had the highest available K in the soil after harvesting.
1 Azospirillum and inoculation with isolate 2 Azospirillum). The sub sub plots were assigned for three spraying Azospirillum treatments (without spraying, spraying with isolate 1 and spraying with isolate 2). The obtained results can be summarized as follow:
Nitrogen fertilization level (80 kg N fed -1 ) produced the highest values of corn grain yield (32.26 ardb fed -1 ), stalk yield (10.14 ton fed -1 ), 100 grains weight (41.15g), N % in the grains (1.82%), protein % and content in the grains, the highest T.B.C (total bacterial count), Azospirillum count and catalase activity. Meanwhile nitrogen fertilization level of 120 kg N fed -1 had the lowest grain yield, stalk yield, protein % and content.
Inoculation with isolate 2 Azospirillum had the highest grain yield (32.53 ardb fed -1 ), the highest N (2%), P (0.52%) and K (1.14%) in grain, the highest T.B.C, Azospirillum count and catalase activity comparing with isolate 1 and without inoculation treatments.
Spraying with isolate 2 Azospirillum gave the highest corn grain yield, stalk yield, 100 grain weight, protein % and content, T. B. C, Azospirillum count and catalase activity.
The interaction of 80 kg N fed -1 + inoculation with Azospirillum isolate 2 + spraying with isolate 2 Azospirillum had the highest values of the studied parameters.
The treatment 100 kg N fed -1 gave the highest available P after harvesting (7.04 ppm), T. B. C, Azospirillum count and catalase activity, while the treatment of
INTRODUCTION
Raising the demand for food production and urgent need for improvement of the agricultural products during the last decade of the 21th century needs an unprecedented spate of technological changes such as plant breeding, fertilizers and irrigation regime. So, increasing crop productivity of the unit of cultivated area has become the main goal of all workers in this field, especially under Egyptian conditions where the cultivated area is limited and it decreases annually due to housing. The agriculture development strategy must be conducted by increasing productivity of the land under cultivation, reduced costs of production and high efficiency use of inputs without causing harm to the environment.
Maize (Zea mays L.) is the most important crop among cereals after wheat and rice in respect of area, production, food and feed security.
Nitrogen is a major element and it is needed in large amount to increase growth and yield of maize. Nitrogen fertilization had significant positive effect on number of green leaves / plant, plant height and dry matter yield (Esmail and El-Sheikh, 1994& Quadros, 2009 ). Increasing nitrogen fertilizer levels led to increase grain yield and N-uptake by corn plants (Salem, 2000 & Barros Neto, 2008 . Phosphorous uptake was also increased as the rate of nitrogen was increased (Hegab, 1990) . Kandil, et, al., (1984) showed that K content in both blades and stems of corn plants was significantly increased by increasing N-levels, while K percentage in grain was not affected.
Chemical fertilizers have several negative impacts on environment and sustainable agriculture. Therefore, bio-fertilizers are recommended in these conditions and growth promoting bacteria uses as a partial replacement of chemical fertilizers (Wu, et al., 2005) . Growth promoting bacteria are bacteria that improve yield (Gholami, et, al., 2009 and Naserirad, et, al., 2011) , growth promoting bacteria including Azotobacter, Azospirillum and Pseudomonas Turan et, al.,2006 and Banerjee et, al., 2006) . Tilak (1992) reported positive effect of double inoculation of Azotobacter and Azospirillum on dry matter of maize and sorghum.
Plant growth promoting bacteria have nitrogenase enzymatic complex system and are able to break the triple bond connecting the two nitrogen atoms and reduce N 2 to NH 3 , as well as increases in corn dry matter production and grain productivity in response to inoculation can be attributed to the stimulation that diastrophic bacteria provide to root system development, increasing root hair density, length, volume and number of lateral roots of corn resulting in higher capacity to absorb and use water and nutrients ( Huergo et al., 2010 and Hungria et al., 2011) .
A positive effect of the interaction between Azospirillum spp. and maize mainly when unimproved genotypes were involved in the presence of low nitrogen availability (Hungria et al., 2010) .
The objective of the present study is to investigate the effects of nitrogen fertilization levels on maize productivity and Azospirillum activity as well as the response of maize growth and productivity to two effective isolates of Azospirillum inoculation and spraying.
MATERIALS AND METHODS
Two field experiments were carried out at the experimental farm of El-Gemmeiza Agricultural Research Station, middle Delta, region Egypt (30 º 43 latitude and 31º 07 longitude) during the two successive seasons 2012 and 2013 to study the effect of different rates of nitrogen, bio fertilizer and their combinations on yield and yield attributes of maize (cv three way cross 324) N, P and K contents and available nutrients in the soil. The soil of the experiments site is clayey loam in texture and its some physical and chemical properties were determined according to the standard methods reported by Black et al., 1965 and Jackson, (1967) are presented in Table 1 
Isolation of Azospirillum
Samples from different sources (soil, leaves of zea maize and leaves of orange trees) were used to isolate Azospirillum . Nitrogen free bromo thymol blue (Nfb) semi solid medium was used to isolate the target microorganism, where the Azospirillum growth was indicated by the presence of subsurface white pellicles were streaked on solid (Nfb) medium, and incubated at 32 º C for 24 h. Morphologically different colonies of Azospirillum ( white and yellow) were picked and re-streaked on the same medium, then transferred to nutrient agar slant and preserved at 4 º C for further work screening of isolate for the production of IAA, the colorimetric method according to Pilet and Chollet (1971) . The potent two isolates were further identified by biochemical method and used to complete the experiment.
Enumeration of Azospirillum in soil.
For enumeration of Azospirillum cells, Nfb solid medium was used. After 48 h of incubation the colonies in the Nfb plates were counted by using Quebec colony counter.
Population density is expressed in terms of colony forming unit (CFU) per gram of soil with dilution factor . Number of cells / ml = . (Kanimozhi and Panneerselvam 2011) Identification of the bacterial strains: Bacterial strains were streaked four times for purification on malate agar medium supplemented with 20 mg l -1 yeast extract Dobereiner and Pedrosa, (1987) . Eight isolates were recognized as belonging to the genus Azospirillum based on the morphological, cultural and some biochemical characterization by Tarrand et al., (1978) and the schemes as described in 9 th edition of Bergey's manual of systematic Bacteriology (Krieg and Dobereiner, 1984) .
Indole acetic acid (IAA) assay
For rapid quantitive determination of IAA, the colorometric method according to Pilet and Chollet., (1971) was used briefly: 24 h old culture of Azospirillum grown in nutrient broth media were used to inoculate Nfb media supplemented with 0.3 g/L tryptophan and incubated at 30 C for 72 h . The cultures were centrifuged at 4000 rpm for 15 min and two ml of supernatant were mixed with one ml of pilet-clhollet reagent. The mixture was incubated in the dark for 30 min. The absorbance of pink color was measured at 530 nm.
Determination of catalase activity:-
Catalase activity was determined by the method of Cohen et al. (1970) where decomposed hydrogen peroxide is measured by reacting it with excess of potassium tetraoxomanganate(VII), (KMnO4) and residual KMnO4 is measured spectrophotometrically at 480 nm.
The experiments were laid out in split-split plot design with three replicates. The main plots were assigned for three nitrogen levels, 80 (N1), 100 (N2) and 120 (N3) kg .fed -1 . ( fed.= 4200 m 2 ). Nitrogen was applied as urea 46.5% N The sub plots were assigned for two inoculating isolates, seed inoculation with Azospirillum isolates (S1) and (S2) in addition to control (without inoculation). The sub sub plots were assigned for two sprays of isolate S1 and S2 and without spraying. Grains of maize were sown in hills 30 cm apart with 70 cm between ridges. The plot area was 21 m 2 i.e., (6 ridges x 5 m length). Sowing date was 21 st June in both seasons. The recommended seed rate was divided into three parts, the first was noninoculated; the second was inoculated with Azospirillum isolate 1 and the third was inoculated by Azospirillum isolate 2. The amount of each N treatment was divided into two equal doses and added before the first and second irrigation. The recommended dose of phosphorus (30 kg P 2 O 5 . Fed -1 ) was applied as single super phosphate 15.5% P 2 O 5 at soil preparation and the recommended rate of potassium (24 kg K 2 O. Fed -1 ) was applied as potassium sulphate 48% K 2 O with the second irrigation. Harvesting took place after 120 days from sowing in both seasons. Grain yield, straw yield and 100-grain weight were located at the harvesting.
`Samples of grains were oven dried at 70 ºC then milled and kept for chemical analysis. Nitrogen was determined using the microkjeldahl method as described by Jackson, (1967) . Potassium was determined using a flame photometer method. Phosphorus was determined calorimetrically according to Snell and Snell (1967) . All collective data for the two seasons were statically combined analyzed according to the procedure described by Gomez and Gomez, (1984) and the main values of the two seasons were tabulated in the Tables.
RESULTS AND DISCUSSION
Eight Azospirillum isolates were recovered from leave surface and soil Rhizosphere. After several sub-culturing, 8 isolates were identified as bacteria belonging to the genus Azospirillum based on the following common cultural and cell morphological characteristics (Table 2) . 05 On the basis of IAA production; two isolates (S1, S2) were used to complete the study under the name strain 1 (S1) and strain 2 (S2).
1-Maize grain and stalk yields & 100 grain weight :-
Data presented in Table 3 clearly show that nitrogen fertilization levels highly significant effect on grain yield and 100 grain weight which were reduced by increasing N rate. On the other hand no significant effect of nitrogen levels was detected on maize stalk yield was observed. The highest values of maize grain (32.26 ardab . fed.
-1 ), stalk (10.14 ton . fed.
-1 ) and 100 grain weight (41.15 g) were obtained with 80 kg N. fed.
-1 ( feddan = 4200 m 2 ). On the other hand the lowest values of the above mentioned parameters were recorded with 120 kg N fed.
-1 . This may be due to the high content of available nitrogen in the soil before the sowing (Table 1 ) and the contribution of the inoculation with Azospirillum by fixing some needed nitrogen. These results agreed with those obtained by Soleymanifard et al., (2013) .
In respect to the inoculation with Azospirillum data show highly significant effect of inoculation on maize grain yield in favor of isolate 2 ( Table 3 ). The highest value (32.53 ardab. fed.
-1 ) was obtained with the inoculation with strain 2 Azospirillum, and the lowest value (28.55 ardab. fed.
-1 ) was observed with the control treatment (without inoculation. On the other hand no significant differences were noticed in stalk yield and 100 grain weight due to the Azospirillum inoculation. Table 3 show that spraying maize plants with Azospirillum strains high resulted in significant increases in grain, stalk yields and 100 grain weight in favor of spraying isolate 2. The highest values of grain yield, stalk yield and 100 grain weight 31.3 ardab. fed.
Data in
-1 , 10.73 ton .fed .
-1 and 40. 82 g, respectively which were obtained with strain 2 and the lowest values were observed with the treatment of no spraying. These results are in harmony with those obtained by Qudors, (2009) and Soleymanifard et al., (2013) . The interaction effect between the nitrogen fertilization levels and the inoculation with Azospirillum showed significant effects on maize grain and straw yields and 100 grain weight (Table 4 and Figure 1 ). The highest values were obtained with N1 C3 (80 kg N .fed.
-1 + inoculation with isolate 2 of Azospirillum) since 5172.1 kg grain .fed.
-1 , 10.77 ton stalk .fed.
-1 and 43.68 g of 100 grains were reduced. The lowest values were recorded with N3 C2 (120 kg N .fed.
-1 + inoculation with isolate 1 of Azospirillum). These results are in agreement with the obtained by Campos and Genata, (2000) and Maria et al., (2012) . N1= 80kg N .fed -1 , N2= 100 kg N .fed -1 and N3= 120 kg N .fed -1 
Fig.1. The interaction effect between nitrogen fertilization levels and
Azospirillum inoculation on maize grain yield.
2-Nitrogen, P and K% in maize grain:
Data presented in Table 5 show that nitrogen fertilization levels significantly affected N%, P% and K% in maize grain. N% in corn grain was reduced by increasing N rate while P% and K% were increased by increasing N rate to 100 kg N. fed -1 , then declined with the highest N rate (120 kg N. fed -1 ). These results agreed with those obtained by Dobbelaere et al., (2003) .
In respect to Azospirillum inoculation data in Table 5 show that, inoculation with Azospirillum significantly increased N%, P% and K% in maize grain in favour of isolated 2. The highest values of 2.0 % N, 1.14 % K and 0.52 %P were obtained with inoculation with strain 2 Azospirillum. On the other hand the lowest values were recorded with noninoculation treatment. Spraying corn with Azospirillum spraying highly significant increased N, P and K % in maize grain. Isolate 2 was superior with the highest values of 1.92 % N, 1.16 % K and 0.5 %P, while Uninoculated treatment had the lowest values. This may be due to Azospirillum produce some hormones which enhanced plant shoot, root growth and nutrients uptake. This is in agreement with those obtained by Swedrzynska and Sawicka, (2000), Hungria et al., (2010) , Maria et al., (2012) and Soleymainfard et al., (2013) .
Highly significant effect for the interaction between nitrogen fertilization levels and Azospirillum inoculation on N, P and K% in corn grain (Fig. 2) was detected. The highest N (2.15%) and K% (1.36) were obtained with 80 kg N.fed -1 + inoculation with strain 2, while the highest value of P ( 0.61 % ) was obtained with 100 kg N.fed -1 + inoculation with strain 2 followed by N1C3 treatment. On the other hand the lowest values were recorded with 80 kg N.fed -1 without inoculation. This due to Azospirillum strains had high activity under the low nitrogen level. These results agreed with those obtained by Campos and Genatta, (2000) , Dobbelaere et al., (2001) and Lopes, (2007) , who concluded that the efficiency of biological nitrogen fixation in Azospirillum spp. is rapidly or even inhibited in the presence of higher concentrations of nitrogen compound in the soil. Hungria et al., (2010) and Begheri, (2011) who concluded that Azospirillum can increase ion absorption e. g. K and NO 3
Fig.2: the interaction effects between nitrogen fertilization levels and
Azospirillum inoculation on N, P and K% in maize grain.
C1= without inoculation, C2=inoculation with strain 1 and C3=inoculation with strain 2, N1= 80 kg N .fed -1 , N2= 100 kg N .fed -1 and N3= 120 kg N .fed -1 Data presented in Figure 3 show that the interaction between inoculation and spraying Azospirillum significantly affected N % in corn grain.
Fig. 3 The interaction effects between Azospirillum inoculation (C) and spraying (S) on N % maize grain (the mean values in the two seasons).
The highest values were obtained with C2 S3 (inoculation with strain 1 + spraying with strain 2) followed by C3 S3 (inoculation with strain 2 + spraying with strain 2) treatments. On the contrary the lowest value was recorded with C1S1 (without inoculation and without spraying). This may be due to Azospirillum one of PGPR group which increase nitrogen by fixation and increasing the N absorbance. This was in harmony with those obtained by Jain et al., (2010) and Begheri, (2011) .
3-Grain protein content:
Data presented in Table 6 show that nitrogen fertilization levels significantly affected protein % and protein content kg .fed -1 of maize grain. The highest values were obtained with the lower N rate 80 kg N .fed -1 showing a reduction by increasing N rate. This may be due to the fixed nitrogen and PGPR by Azospirillum in addition to native nitrogen in the soil which led to increase protein % and grain yield. Similar results were reported by Maria et al. (2012) . Azospirillum inoculation significantly increased protein % in maize grain and protein content (kg fed -1 ) of maize grain ( Table 6 ). The highest values of protein% (11.4 %) and protein content (526 kg protein fed -1 ) were obtained with strain 2 Azospirillum inoculations. On the contrary control treatment recorded the lowest values ( 8.92 % and 363.42 Kg protein fed -1 ). This may be due to that strain 2 of Azospirillum was more active which produce higher amount of nitrogen fixed and plant promoting growth agents. These results are harmony with those obtained by Naserirad et al. (2011) and Soleymanifard et al. (2013) .
It is quite obvious from the data presented in Table 6 that Azospirillum spraying induced high significant effect on protein % and protein content (kg fed -1 ) of maize grain. The highest values were obtained spraying with strain 2 Azospirillum (10.96 % and 487.04 kg fed -1 ) respectively, while the lowest values were recorded with the control treatment. Showing that Azospirillum enhanced plant growth and protein accumulation. These results are in agree with those obtained by Allen et al. (1980) and Ribaudo et al. (2001) who concluded that the maize inoculated by Azospirillum showed increased activity of glutamate dehydrogenase (GDH) and glutamine synthestase (GS) in plant cells.
The interaction effect between the nitrogen levels and Azospirillum inoculation on protein % in corn grain is shown in Fig (4) . The interaction had highly significant effect on protein% and, the highest value (12.27 %) was obtained with (N1C3) (80 Kg N fed -1 with inoculation by strain 2 Azospirillum). On the contrary the lowest values were observed with N1C1 treatment (80 kg N fed -1 without Azospirillum inoculation). This may be due to that Azospirillum activity depends on available N in soil, and it was more active under low available N. This is in harmony with those obtained by Ribaudo et al. (2001) and Maria et al. (2012) .
Fig. 4: The interaction effect between nitrogen levels and Azospirillum inoculation on protein % in corn grain
Data illustrated in Fig 5 show This may be due to that the presence of Azospirillum at root zone and on leaves enhanced plant hormones which affect growth, and synthesis and protein accumulation. These results are in agreement with those obtained by Ribaudo et al. (2001) , Han et al. (2005) and Huergo et al. (2010) .
Fig 5: The interaction between Azospirillum inoculation and spraying on protein content in maize grain

4-Soil available N, P and K after harvest:
Data presented in Table 7 show that nitrogen fertilization levels induced highly significant effect on available P and K in the soil after maize harvesting. The highest available P value (7.04 mg kg -1 ) soil was obtained with 100 kg N fed -1 level, while the lowest P value (5.61 mg kg -1 ) soil was observed with 80 kg N level. In respect to available K, the highest value (486.83 mg kg -1 ) soil was obtained with 120 kg N fed -1 , while the lowest value (307.37 mg kg -1 ) soil was observed with 80 kg N fed -1 . This may be due to that the higher nitrogen levels led to slightly change in soil pH and/ or increased cation exchange which led to increased K released. Similar results were reported by Sami et al. (2008) . On the other hand no significant differences were noticed in available N after maize harvesting due to nitrogen fertilization levels. Azospirillum inoculation had highly significant effect on available N, P and K in the soil after maize harvesting (Table7). The highest available (45.52 mg.kg -1 ) soil and P (7.21 mg.kg -1 ) were obtained with inoculation with isolate 2, while the highest available K value was obtained with uninoculated treatment. On the other hand the lowest available N value (41.16 mg.kg -1 ) was recorded with uninoculated treatment, while the lowest available P value (5.82 mg.kg -1 ) was observed with isolate 1 and the lowest available K value (363.97 mg.kg -1 ) was observed with isolate 2. This may be due to isolate 2 of Azospirillum was effective on nitrogen fixation and producing substances affects phosphorus availability, but neither isolate 1 nor isolate 2 had effects on K availability. These results agreed with those obtained by Han et al., (2005) ; Huergo et al., (2010) , Bashan and de-Bashan, (2010) and Araujo et al., (2015) .
Azospirillum spraying had no significant effects on available N and K in the soil after corn harvesting, significant effect on available P (Table 7) with no significant differences between the two isolates.
Data presented in Table 8 show that, the interaction between nitrogen fertilization levels and inoculation with Azospirillum significantly affected the available N, P and K in the soil after maize harvesting. The highest P value ( 8.55 mg.kg -1 ) was obtained with N2C3 (100 kg N.fed -1 + inoculation with isolate 2 ), while the lowest P value was recorded with N3C2 (120 kg N.fed -1 + inoculation with isolate 1). In respect to available K the highest value was obtained with N3C1 (120 kg N.fed -1 without inoculation), but the lowest value was recorded with N1C1 (80 kg N.fed -1 without inoculation). In respect to available N the highest value (53.02 mg.kg -1 ) was obtained with (80 kg N.fed -1 + inoculation with isolate 2). The lowest value was recorded with N1C1 (80 kg N.fed -1 without inoculation). This may be due to that the high nitrogen level inhibits Azospirillum activity and increased mineral N loss from the soil by any way. Similar results were reported by Lopes, (2007) . 89.44. 188.42 and 85.5 respectively were recorded with the treatment without spraying. These resulted agreed with those obtained by lopes, (2007) who reported that, the efficiency of biological fixation in Azospirillum spp. is rapidly reduced or even inhibited in the presence of higher concentrations of nitrogen compounds in the soil by inhibition of nitrogenase activity in bacteria. Fig 6 and 7 show that, highly significant effects of the interaction between nitrogen fertilization levels and Azospirillum inoculation on log TCB, log Azospirillum CFU ml -1 and catalase activity were observed. The highest values of log TCB (8.89), log Azospirillum 6.56 cfu. ml -1 and catalase activity (169.25) were obtained with N2C3 treatment (100 kg N fed -1 + inoculation with isolate 2 Azospirillum) Figs. (6 and 7) . On the other hand the lowest values of log TCB (8.34) CFU ml -1 , catalase activity (74.25) H 2 O 2 . g soil. 15 minutes were detected with N1C1 treatment (80 kg N fed -1 + without inoculation) and the lowest value of log Azospirillum CFU ml -1 (6.30) was recorded with N1C2 treatment (80 kg N fed -1 + inoculation with isolate1). This mean that strain 2 of Azospirillum was the effective on maize and it needs up to 100 kg N fed -1 for obtain the best regards from maize. These results are in agreement with those obtained by Swedrzynska and Sawicka, (2000) and Creus et al. (2004) . 
levels, Azospirillum inoculation on catalase activity
The interaction between grain maize inoculation and spraying with Azospirillum was highly significant for log TCB, log Azospirillum (cfu. ml -1 ) ( Fig. 8) .15 minutes (Fig 9) . The highest values of logTCB (8.83), log Azospirillum (6.82) CFU ml -1 and catalase activity (159.83) H 2 O 2 1g soil -1 . 15 minutes were obtained with inoculation with strain 2 Azospirillum + spraying with strain 2 Azospirillum. On the contrary the lowest values of TCB (8.36), log Azospirillum (6.23) and catalase activity (74.92) were recorded with neither inoculation and nor spraying treatment. Similar results were reported by Khaliq et al. (2004) .
Data presented in Fig (10 and 11) show high significant effects of the interaction between nitrogen fertilization levels and Azospirillum spraying on log TCB, log Azospirillum (cfu. ml -1 ) and catalase activity. The highest values ( 8.81, 6.64 and 157.0) respectively were obtained with 120 kg N .fed -1 + spraying with strain 2 Azospirillum treatment. On the other hand the lowest values were recorded with 80 kg N fed -1 without Azospirillum spraying. This may be due to Azospirillum spraying lead to the presence of the microorganism on the plant leaves and may penetrate the leaves which produce some phytohormones led to increase log TCB, log Azospirillum and catalase activity. Data presented in Table 10 show that the interaction between nitrogen fertilization levels, Azospirillum inoculation and Azospirillum spraying highly significant effect on TCB, log Azospirillum and catalase activity. The highest values (810.25, 440 and 230) respectively were obtained with N 2 C 3 S 3 treatment (100 Kg N fed -1 + inoculation with strain 2 Azospirillum + spraying with strain 2 Azospirillum. 
